In an interview with Neuron, Gyö rgy Buzsá ki shares his thoughts on the balance of big-data gathering collaborations and discoveries driven by individual labs, the highlight of his career, and his strategy for understanding the brain from ''within,'' by studying how internally generated patterns convert into action and eventually experience.
Gyö rgy Buzsá ki is Biggs Professor of Neuroscience at New York University. His primary interests are mechanisms of memory, sleep, and associated diseases. His main focus is ''neural syntax,'' i.e., how segmentation of neural information is organized by the numerous brain rhythms to support cognitive functions. He pioneered the experimental exploration of how coordinated, rhythmic neuronal activity serves physiological activity in the cerebral cortex. His most influential work, the two-stage model of memory trace consolidation, demonstrates how the neocortexmediated information during learning transiently modifies hippocampal networks, followed by reactivation and consolidation of these memory traces during sleep during sharp waves. Buzsá ki is among the top 1% most-cited neuroscientists, a Fellow of the American Association for the Advancement of Science and the Academiae Europaeae, and an honorary member of the Hungarian Academy of Sciences, and he sits on the editorial boards of several leading neuroscience journals, including Science and Neuron, honoris causa at Université Aix-Marseille, France and University of Kaposvar, Hungary. He is a co-recipient of the 2011 Brain Prize. What do you think are the big questions to be answered next in your field? It is hard to be a prophet. Major scientific discoveries typically become discoveries post hoc, after a long scrutiny by the community. Tools and methods are of course different; they have an instant impact. But recognizing the importance of critical insights and synthesizing thoughts require long incubation and maturation because they are not immediately clear to others and they are so easy to steal.
I think the big challenge today in cognitive neuroscience is to rethink the appropriateness of the paradigm we inherited from the British Empiricist philosophy. Nearly all our vocabulary has been invented by people who did not even know or believe that the brain has anything to do with those invented terms. These man-invented words with their perceived boundaries have become the major independent variables of our science. Thus, the tacitly declared goal of neuroscience is to find mechanisms for these concocted terms with similar boundaries. How naive! Under this framework, the brain exists to ''process information'' and ''represent'' the world, that is to perceive, decide, and act in that order, as the dictum of the idea of the ''perception-action'' cycle implies. This practice has occurred without realizing that the only source of information is the brain itself. Even the great discoveries of Hubel and Wiesel were made within this framework.
Heads were fixed, eyes were fixed, actions were eliminated, and neuronal responses to photons were evaluated by the experimenter, without questioning whether those responses represented information to downstream ''reader'' mechanisms or only to the experimenter. With all my respect to their outstanding contribution, Hubel and Wiesel unintentionally promoted a paradigm, i.e., the process of building up complex mechanisms such as vision from elementary processes, which perhaps will never lead to understanding vision or perception in general. Eye movements and action are the essence of perception. Perception is what we do. The brain's fundamental goal is to generate action and register the consequences of those actions for better future use. It is an action-perception loop.
My alternative strategy is to understand the brain from within. The advantage of this ''inside-out'' approach is that it is free of philosophical connotations and takes brain mechanisms as independent variables, as opposed to attempts to finding ''correspondences'' or ''representations'' between subjectively derived categories and boundaries and brain responses. I am interested how internally generated, ''self-organized'' patterns in the brain acquire ''meaning'' through action, which therefore becomes what we call experience.
What has been the highlight of your career? Being in the lab with my equally motivated colleagues is a constant highlight.
Who were your key early influences?
The Beatles, Brigitte Bardot, and Jane Goodall.
What's your favorite experiment?
Always the last one.
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What motivated you to become a scientist? Scientists are blessed and cursed with a good dose of curiosity. The drive to get an answer can be as strong as hunger in some people. I realized early on that I feel uncomfortable unless I understand how things work. That began with taking apart radios and then building them.
To tackle your favorite research question, is there a tool that either needs to be developed or is currently available that could be implemented in a novel way? To understand how neuronal circuits work, we need methods to record and perturb neuronal activity as the single neuron, single action potential resolution level from any chosen structure in the brain in freely moving animals. Recordings should have high enough spatial resolution to monitor statistically representative fractions of identified neuron types. A large part of this wish is doable with currently existing technologies, provided that adequate financial resources become available. Ironically, with the availability of high-density neuron-size mLEDs, we could activate/silence multiple single neurons in any combination. However, new methods are needed to target, e.g., optogenetically, only the somata, axon initial segment, or potentially different dendritic segments. With large-scale recordings comes the demand of automatic, fast clustering of single neurons. Currently, the recording technologies are moving faster than the urgently needed mathematical tools that hopefully will simplify and speed up the analysis.
What is your view on big datagathering collaborations as opposed to hypothesis-driven research by small groups? Neuroscience is still the Wild West. A single individual may come up with a more important discovery than a large group. The main reason is that we still do not understand what the true goal of the brain is. Without knowing the goal, progress is very slow. Insights are the key in such situations. On the other hand, answering many important issues need large datasets. For example, statistical properties of neurons, such as the distribution of synaptic weights, firing rates, magnitude of synchronous activity, the statistical distribution of micro-, meso-, and macroscopic connectivity of neurons and neuronal groups, and understanding the scaling rules of brain architecture are essential to build any meaningful models. Data gathering exercise and data sharing are needed in this process. Some aspects of neuroscience have already matured from such a big science approach, and we will benefit more and more from Allen Institute type of enterprises.
If you could ask an omniscient higher being one scientific question, what would it be and why? How did you become an omniscient higher being?
What do you do when you're not in the lab? Giving talks at meetings. Occasionally, adding new things to our house.
What career paths did you consider other than a scientist? Architect. But honestly any profession where things can be taken apart and put together would entertain me. Construction worker, plumber, or electrician would do.
What question keeps you awake at night? I have too many sleepless nights already thinking about how to interpret recent observations and how to synthesize large chunks of data into a simpler framework. Yet, I am aware that subconscious mixing of the elements is part of the creative process. We need to sleep to wake up with a creative brain.
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